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Beer is one of the most popular drinks consumed around the world. It is an 
complex beverage containing various classes of organic and inorganic 
compounds (Hornsey, 2003); some of them originate from the raw materials, 
while others develop through interactions and reactions during the brewing 
process, or can be the result of contact with the materials from which the 
equipment is made or packing materials (Alcazar et al., 2002). These 
components can affect the beverage in different ways. Very important issue in 
beer quality is water which may contains naturally occurring minerals and 
compounds, but also some anthropogenic contaminants (Morale-Rubio and de 
la Guardia, 2015). The overall concentrations of inorganic components 
generally range from 0.5 to 2 g/L (Olajire, 2020). The acid pH significantly 
affects the solubility of metals and non-metals in beer (Donaldini et al., 2008). 
The content of inorganic ions of greatest concern for the quality of beer are 
primarily fluoride, chloride, nitrate, phosphate, sulfate, sodium, calcium, 
magnesium, and potassium (De Keukeleire, 2000); they are mostly derived 
from malt, hops and brewing water. Due to its prevalence and volume of 
consumption, beer is an important source of F- delivered into the human body 
(Styburski et al., 2017). If the chloride level exceeds 250 mg/L, then the 
sweetnes of the beer is enhanced, but yeast flocculation can be hindered. Sulfate 
found naturally in water imparts a sharp, dry edge to well hopped beers and is 
therefore kept to a minimum. Chlorides and sulfates are the ions of highest 
Abstract 
Reliable determination of various components of beers is still a challenge due to their complex matrices. 
Inorganic ions are very important components of beer; their content depends mainly on the quality of water and 
additional substances used in the brewing process. The major inorganic anions (F-, Cl-, NO2-, NO3-, PO43-, SO42-) 
and cations (Na+, K+, Mg2+ and Ca2+) were determined using isocratic ion chromatography with conductivity 
detection. Method optimization involved six ion-exchange columns; different eluent concentration and flow rates 
were tested. Optimized methodologies allowed for quick, selective and reliable analysis of these ions in 30 beers 
available on the Polish market. They were characterized by pH values from 3.19 to 4.64, and conductivity from 
1632 to 2662 µS/cm. The content of inorganic anions ranged from 0.2 - 1.1 mg/L for F-; 8 - 235 mg/L for Cl-; 
NO2- < LOD; 7 - 22 mg/L for NO3-; 44 - 188 mg/L for PO43-, and 10 - 95 mg/L for SO42-. In case of cations, it 
was 10 - 93 mg/L for Na+; 87 - 329 mg/L for K+; 54 - 329 mg/L for Mg2+, and 10-89 mg/L Ca2+. PCA Principal 
Component Analysis helped in establishing similarities between the analyzed samples. 
  




interest, as chloride provides mellowing and fullness to the flavor while sulfate enhances the dry character of a beer.   
Nitrate was once thought as a problem in the brewing process, but it has since been discovered that it is the nitrite 
produced from nitrate that affects yeast metabolism to cause weak and incomplete fermentation. Phosphate is 
present in the malt and buffers the mash at a slightly acidic pH. (Bruce 2002). 
 As in the case with the inorganic anions, most of the inorganic cations are introduced into the beer from water 
and malt. The most abundant cations in beer are sodium, potassium, calcium, and magnesium. Sodium can make the 
malt character sweeter at low concentrations but can also interact with chloride to give a salty taste. Beer has a 
relatively high potassium to sodium ratio (typically 4:1), which is beneficial in keeping blood pressure at normal 
and healthy levels. Calcium protects, stabilize and promote enzyme activity in the mash. High levels of magnesium 
cause an unpleasant sour and bitter taste in beer. Precipitation can be caused by calcium oxalate if a high 
concentration of oxalic acid is present because calcium ions are released in the brewing process. Calcium oxalate is 
known to cause hazardous kidney stones and for this reason it is necessary to regulate the amount of oxalic acid in 
beer (Marten, 2003).  
 The determination of inorganic ions in beer is very important, because it may help brewers to produce high 
quality beer. The methods used for beer analysis have to be reliable, rapid, and convenient, because of beer 
instability and complex matrices. These techniques include mainly gas and liquid chromatography (ASBSC, 2007; 
EBC, 2005), capillary electrophoresis (Cortacero-Ramırez et al. 2003), spectroscopy (Insinska-Rak et al., 2007) and 
even miniaturized methods such as “electronic nose” (Chmielewski et al., 2007). They all have certain advantages 
and limitations. A method of choice for inorganic and organic ions analysis is ion chromatography (IC) (Michalski, 
2020; Paull and Michalski, 2019) which has been successfully applied to analysis of inorganic and organic ions in 
foodstuffs (Matysiak et al., 2018) including beverages (Michalski, 2018). Its reliability and versatility in analyzing 
complex matrices typical of food samples, with high selectivity, sensitivity and reproducibility, provides a rapid and 
convenient means to obtain complex profiles of ionic components (Michalski 2010; Weiss, 2019; Muntean 2010). 
 The most important advantages of IC (Michalski, 2016) are: simultaneous determination of several ions in a 
short time; small sample volume necessary for analyses; different detectors (e.g. conductivity, amperometry, 
UV/Vis, mass spectrometry); simple sample preparation for analyses; simultaneous separation of anions and 
cations, including certain organic and inorganic ions; high separation selectivity; speciation analysis (e.g. NO2-
/NO3-/NH4+ or SO32-/SO42-/S2-); safety and low exploitation costs (green chemistry). The above-mentioned 
advantages helped to elaborate a number of standardized methodologies soon after IC was invented (Michalski, 
2006). IC is successfully used also for the analysis of carboxylic acids (Michalski et al., 2020) and carbohydrates 
(Yang et al., 1997). The key problem in application of IC in food research is sample preparation (Frenzel and 
Michalski R, 2016).  As with all analytical methods, IC also has some limits: they mainly concern the selectivity of 
ions pairs’ separation such as low molecular carboxylic acid/Cl-; Cl-/NO2- or Na+/ NH4+. 
 Examples of applications of IC in beer analysis are described in the literature, such as biogenic amines 
determination in alcoholic beverages by IC with suppressed conductivity detection and integrated pulsed 
amperometric detection (De Borba and Rohrer, 2007), or the analysis of anions in beer using suppressed ion 
chromatography (Bruce, 2002). Kozaki and his co-workers applied ion-exclusion chromatography and suppressed 
IC for simultaneous determination of organic and inorganic ions, and ethanol in beers (Kozaki et al., 2019). The 
application of capillary electrophoresis for simultaneous determination of organic and inorganic ions in beers lead 
to the separation of 37 ions (3 inorganic anions, 8 inorganic cations, 10 biogenic amines, and 16 amino acids) in 
beer samples (Guo et al., 2019). Pohl and Prusisz developed chemical fractionation of Cu, Fe and Mn in canned Polish 
beers (Pohl and Prusisz, 2010). The purpose of the above-mentioned articles was to determine and found the 
relationship between the composition, type of beer, its origin and type of packaging, and the content of the analyzed 
elements.  
 The main problems for laboratories with basic IC systems (isocratic elution and conductivity detection) is a 
proper resolution of the Cl-/NO2- and low molecular carboxylic acid, as well as Na+/ NH4+ ions co-eluted at close 
retention times. Therefore, the aims of our study were: 
- To develop and validate two fast, selective and reliable methods for the simultaneously separation of inorganic 
anions (F-, Cl-, NO2-, Br-, NO3-, PO43-, SO42-, method I), and cations (Na+, K+, Mg2+, Ca2+, method II). 
- To apply the optimized methods for inorganic ions determination in 30 different types of beers available on 
Polish market. 
 
MATERIALS AND METHODS 
Analytical grade Na2CO3 and NaHCO3 were used for eluent preparation and 95% H2SO4 as a regenerant solution 
(Fluka, Steinheim, Switzerland). Calibration solutions of inorganic anions and cations were prepared from suitable 
standards from that same company. Water used for standards’ and eluents’ preparation was from the Millipore 
deionizer (Merck, Germany); its electrical conductivity was < 0.05 μS/cm. All standard solutions were stored in a 
refrigerator at 2 °C to 8 °C.  
 
 IC separations of anions and cations were performed on a Metrohm system (Herisau Metrohm AG, Switzerland) 
consisting of: 818 IC pump, 837 IC eluent degasser, 830 IC interface, 820 IC separation center, Rheodyne injection 
valve, autosampler (838 Advanced Sample Processor), MSM suppressor and conductivity detector (819 IC); 
instrument control and chromatographic data processing were accomplished using Metrodata 2.3 software. An 
inoLab IDS Multi 9310 device equipped with a conductometric sensor TetraCon 925 IDS and a pH-metric electrode 
IDT SenTix®940 (WTW, Poland) was used for pH and conductivity determination according to EN ISO 10523:2012 
and EN 27888:1999 standards.  
 Methods optimizations: The separation columns used in the optimization test for inorganic anions were: 
Metrosep A Supp 5 (250 x 4 mm, I.D.) and Metrosep Anion Dual 2 (100 x 4) from Metrohm (Metrohm, Herisau, 
Switzerland)/ Ion Pac AS 14 (250 x 4 mm, I.D.) and Ion Pac AS9 SC from Dionex (Dionex, Sunnyvale, USA). In case 
of cations two columns from Metrohm - Metrosep C2 (250 x 4 mm, I.D.) and Metrosep C3 (250 x 4 mm, I.D.) were 
tested. The choice of these separation columns resulted from their availability in our laboratory. For anion 
separations, two different eluent concentrations (1.7 mM Na2CO3 + 1.5 mM NaHCO3 and 3.5 mM Na2CO3 + 1.0 mM 
NaHCO3), and two eluent flow rates (0.8 mL min-1; 1.0 mL min-1) were tested. For inorganic cations, also two 
different eluent concentrations (8.0 mM tartaric acid + 1.5 mM 1,2-dipicolinic acid, or 4.0 mM tartaric acid + 0.75 
1,2-dipicolinic acid), and two eluent flow rates (0.9 mL/min or 1.2 mL/min) were tested. The best chromatographic 
performances for anions’ separation were obtained using a Dionex Ion Pac AS 14 (250 x 4.6 mm) column, with an 
eluent consisting in 3.5 mM Na2CO3 + 1.0 mM NaHCO3, at 1.0 mL/min, using suppressed conductivity ( MSM 
suppressor). For cations’ separation, the best column proved to be Metrosep C2-250 (250 x 4.6 mm), using as eluent 
a mixture of 8.0 mM tartaric acid + 1.5 mM 1,2-dipicolinic acid, at a flow rate of 0.9 mL/min, detection being 
accomplished using non-suppressed conductivity. 
 Sample preparation: 30 beers available on the Polish market were degassed in an ultrasonic bath before the 
analysis (Labindex, Poland). Next, samples were filtered through a 0.2-µm nitrocellulose filter. Due to the high 
concentrations of some ions (Cl-, PO43-, SO42-, K+, Mg2+), all samples were diluted with deionized water in a 1:10 
volume ratio before the chromatographic analysis. Each sample was run in triplicate under optimized separation 
conditions. 
 Methods validation: Optimized methods I and II were validated according to International Standard 
Organization guidelines (ISO 8466-1:1990). 7 calibration solutions of the analyzed inorganic anions and cations 
prepared in deionized water were injected into the eluent stream. Concentration ranges of analyzed ions in 
calibration solutions, relative standard deviations (RSD), limits of determination (LOD), limits of quantification 
(LOQ) and recoveries are given in Table 1. The concentrations ranges have been chosen according to the expected 
concentration of anions and cations in beers. 
 
Table 1. Selected method validation parameters for carboxylic acids 
Ions Concentration range [mg/L] RSD [%] LOD [mg/L] LOQ [mg/L] 
Recovery 
[%] 
F- 0.05-1 8.1 0.1 0.3 87 
Cl- 1-50 6.8 0.2 0.7 91 
NO2- 0.05-1 8.8 0.1 0.3 89 
NO3- 1-50 5.7 0.1 0.3 104 
PO43- 0.5-20 6.9 0.3 0.9 96 
SO42- 1-50 5.3 0.2 0.9 88 
Na+ 1-20 3.8 0.1 0.4 102 
K+ 1-30 4.2 0.2 0.6 95 
Mg2+ 1-50 5.9 0.3 0.9 88 
Ca2+ 1-30 6.3 0.2 0.6 92 
 
Data processing: Experimental data were processed in Excel (Microsoft, USA); principal component analysis (PCA) 
and cluster analysis were performed using MatLab (The Mathworks, USA) after mean center preprocessing 
 
RESULTS AND DISCUSSIONS    
The list of analyzed beers along with the manufacturer's name, extract content (according to the manufacturer's 
data) and packaging forms are presented in Table 2.  
 
 









1 Browar Szczecin, Carlsberg Polska 5.7 12.5 Bottle 
2 Carlsberg Polska, Warszawa 5 No data Bottle 
3 Kompania Piwowarska S,A, 7.0 14.5 Can 
4 Browar Łomża S,A, 4.2 No data Can 
5 Browar Łomża S,A, 6.8 No data Can 
6 Grupa Żywiec, S,A, 4.5 No data Bottle 
7 Browar Belgia, Kielce 4.5 No data Bottle 
8 Van Pur, Rakszawa 6.0 No data Bottle 
9 Grupa Żywiec S,A, 5.0 11.4 Can 
10 Carlsberg Polska 6.0 12.1 Can 
11 Van Pur Sp, z o,o, 9.0 No data Can 
12 Kompania Piwowarska S,A, 5.7 12.0 Can 
13 Kompania Piwowarska S,A, 5.2 11.1 Bottle 
14 Kompania Piwowarska S,A, 5.2 11.1 Can 
15 Browary Wielkopolskie 6.2 14.8 Can 
16 Carlsberg Polska 5.5 No data Can 
17 Pilzensky Prazdroj, Pilzno 4.4 12.0 Bottle 
18 Grupa Żywiec S,A, 6.0 No data Bottle 
19 Grupa Żywiec S,A, 6.0 No data Can 
20 Grupa Żywiec S,A, 7.0 No data Can 
21 Tyskie Browary Książęce 5.6 11.7 Bottle 
22 Tyskie Browary Książęce 5.8 11.7 Can 
23 Grupa Żywiec S,A, 5.7 No data Can 
24 Grupa Żywiec S,A, 7.0 No data Can 
25 Browary Wielkopolskie 5.8 No data Bottle 
26 Browar Belgia, Kielce 9.0 18.0 Can 
27 Kompania Piwowarska S,A, 6.0 12.0 Can 
28 Grupa Żywiec S,A, 5.6 12.5 Bottle 
29 Grupa Żywiec S,A, 5.6 12.5 Can 
30 Grupa Żywiec S,A, 9.5 22.0 Bottle 
 
The results of the content of inorganic anions (F-, Cl-, NO2-, NO3-, PO4-3-, SO42-) and cations (Na+, Mg2+, Ca2+), as 
well as pH and conductivity values are given in Table 3. The content of NO2- anions in all samples were below LOQ 
(< 0.3 mg/L). 
  
 






F- Cl- NO3- PO43- SO42- Na+ K+ Mg2+ Ca2+ 
1 4.19 2020 0.2 113 8 148 33 26 272 92 24 
2 4.03 2039 0.6 115 21 58 21 33 285 155 89 
3 4.29 1960 0.5 80 23 76 41 28 161 259 37 
4 4.25 1691 0.6 98 14 128 29 64 91 286 29 
5 4.50 2127 0.4 216 16 129 37 63 329 134 44 
6 3.19 1632 1.1 151 17 188 72 65 218 109 20 
7 3.29 1527 0.6 113 9 103 13 15 194 195 51 
8 4.51 2223 0.4 188 13 77 50 42 295 252 68 
9 4.39 1771 0.5 209 12 94 61 24 120 236 23 
10 4.22 1840 0.8 212 21 73 44 52 119 144 33 
11 4.60 2662 0.2 232 15 77 47 27 230 164 17 
12 4.34 1854 0.4 145 17 17 11 80 136 93 10 
13 4.36 1801 0.7 225 17 53 10 51 265 55 21 
14 4.41 1828 0.8 129 22 140 29 53 225 104 49 
15 4.29 1994 1.0 144 10 123 32 21 201 416 16 
16 4.23 2135 0.3 239 18 97 10 51 106 211 13 
17 4.52 2002 0.2 136 7 65 11 10 119 329 24 
18 4.45 1609 0.4 224 18 44 30 93 87 292 49 
19 4.39 1872 0.9 220 20 18 45 82 175 93 39 
20 4.32 2069 0.7 114 10 120 45 15 205 166 10 
21 4.32 1825 0.5 111 16 105 13 91 128 298 18 
22 4.37 1897 0.5 212 18 119 19 74 133 303 33 
23 4.37 1808 0.7 212 12 84 41 54 109 283 42 
24 4.64 1981 0.6 129 15 72 21 13 219 54 17 
25 4.35 2136 1.1 210 20 167 18 74 118 65 38 
26 4.17 1844 0.9 181 13 59 25 42 102 221 22 
27 4.47 1864 0.6 222 10 103 95 82 168 82 53 
28 4.54 2072 0.6 115 15 182 14 38 128 112 71 
29 4.47 1895 0.7 120 15 115 12 35 133 198 85 
30 4.52 2457 1.0 235 25 128 14 71 120 129 29 
The data ranges, their variability and several statistic parameters are presented in Table 4 and Figure 1; it is obvious 
that the major contributors to data variability are conductibility and the concentrations of magnesium, potassium, 
chloride and potassium; the pH values and the concentrations of fluoride have the lowest variations in this context. 
Table 4. Descriptive statistics for parameters measured in beer samples  
 Cond pH F- Cl- NO3- PO43- SO42- Na+ K+ Mg2+ Ca2+ 
Mean 1947.83 4.30 0.62 168.33 15.57 98.73 31.43 48.97 173.03 184.33 35.80 
Standard Error 42.97 0.06 0.05 9.35 0.84 7.87 3.70 4.54 12.38 17.23 3.87 
Median 1896 4.37 0.6 166 15.5 100 29 51 148.5 165 31 
Mode 1994 4.29 0.6 212 15 128 21 15 120 93 24 
Standard 
Deviation 
235.35 0.32 0.25 51.19 4.61 43.09 20.27 24.89 67.82 94.37 21.17 
Range 1135 1.45 0.9 159 18 171 85 83 242 362 79 
Minimum 1527 3.19 0.2 80 7 17 10 10 87 54 10 




Figure 1. Data ranges for the measured parameters. 
 
The resulted PCA model was built using eleven variables (the concentrations of major anions, major cations, pH and 
conductivity), reveals four classes of beers and two outliers (score’s plot from Figure 2. and biplot from Figure 3.). 
 
  
Figure 2. Scores’ plot for experimental data. Figure 3. Biplot for experimental data. 
 
The loadings’ plot (Figure 4) emphasizes a close correlation between several parameters, such as: pH and 
conductivity, concentrations of magnesium and potassium, concentrations of calcium and sulphate, concentrations 




Figure 4. Loadings’ plot for experimental data. 
 
The first PC accounts mainly for pH and conductivity, while for the second PC, the major contributors are sodium, 
nitrite and chloride. The beer samples from the four clusters have as major features: 
- higher pH, higher conductivity and a higher chloride concentration for the “blue” cluster (with samples 
represented by small squares); 
- lowest concentrations of nitrate for the “red” cluster (samples 1, 15, 17, 20); 
- highest concentrations of nitrate and fluoride for the “black diamond” cluster (samples 19, 25 and 30); 
- average values for the most of the measured parameters for the “green” cluster (most of the samples); 
Two outliers (samples 6 and 7) are characterized by the lowest values for pH and simultaneously by a low 
conductivity (the lowest one within this dataset being for sample 6), 
Cluster analysis was performed using variance weighed distance between cluster centers (Figure 5), this supporting 
the findings from PCA. 
 
Figure 5. Dendrogram resulted from cluster analysis. 
 
CONCLUSIONS 
In our study, the concentrations of common inorganic anions (F-, Cl-, NO2-, NO3-, PO43-, SO42-) and cations 
(Na+, K+, Mg2+ and Ca2+) in 30 types of beer available on Polish market were determined using isocratic ion 
chromatography with conductivity detection. The research carried out allowed to draw the following conclusions: 
- The use of 4 anion exchange columns and two cation exchange columns with different characteristics allowed a 
proper optimization for two methods, for anions and cations determination. 
- The optimized methods have allowed reliable determination of the main inorganic ions in beers using a simple 
IC system configuration available in most laboratories, 
- The content of inorganic anions ranged from: F- 0,2 – 1,1 mg/L; Cl- - 8—235 mg/L; NO3- - 7-22 mg/L; PO43- - 
44-188 mg/L and 10-95 mg/L for SO42-, In case of cations it was: Na+ - 10-93 mg/L; K+ - 87-329 mg/L, Mg2+ - 54-
329 mg/L; and Ca2+ - 10-89 mg/L. 
- pH values of analyzed beers were in the range from 3,19 to 4,64, and specific conductivity of the samples tested 
ranged from 1632 to 2662 µS / cm. 
- Considering the analyzed physical and chemical parameters of beers, no significant differences were found in 
the same beers bottled into bottles or cans. 
- PCA helped in establishing similarities between the analyzed samples. 
- The obtained results are consistent with previous studies of similar groups of beers available on the Polish 
market (Michalski, 2007; Rajkowska et al., 2009). 
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